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ABSTRACT 

LOWTRAN 11 IB is a FORTRAN computer program for prediction 

of atmospheric optical transmittance, developed at the U.S. Air 

Force Geophysics Laboratory (AFGL). LOWTRAN IIIB was received 

in the modified form developed by Naval Weapon Center China 

Lake for use on the UNIVAC 1110 computer [Ref. 1], and has now 

been interfaced to the IBM 3033 computer. 

Due to compiler storage limitation in the IBM computer the 

atmospheric data are read into common storage at the beginning 

of the program. The two dimenstional block data submodule has 

been replaced with a linear data array, and a new subroutine 

(array) written to reformat the data. The basic logic 

structure is unchanged. 

Comparisons of NPS LOWTRAN IIIB computations with direct 

optical extinctions measurement over Monterey Bay and at San 

Nicolas Island indicate that under these circumstances LOWTRAN 

IIIB considerably underestimates the extinctions due to 

aerosols wihile the computed molecular absorption is in 

substantial agreement with experiment. 

LOWTRAN IIIB is presently available as a method for 

predicting atmospheric transmittance at low resolution at NPS 

and is suitable for incorporation in simulations and studies of 

electro-optic weapon/sensor systems performance. 
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I.   IHSEODOCTIOH 

LOWT8AN IIIB is a FORTRAN computer program, developed at 

the Ü.S.Air Force Geophysics Laboratory (AFGL) , which was 

received in the modified form developed by Naval Weapon 

Center. It calculates    the  transmittance     cf  the    earth1 s 

atmosphere in the spectral region from 0.25 to 28.57 microm- 

eters (350 to 40,000 cm-1) at 20 cm-1 spectral resolution on 

a linear  wavenumber   scale. Six atmospheric models,     which 

are tropical, midlatitude summer and winter, subartic summer 

and winter, and the O.S. 1962 standard atmosphere, covering 

seasonal and latitudinal variations from sea level tc 100 km 

are available, in addition to a capability cf allowing the 

user to input atmospheric parameters of his own choosing. 

The program includes four aerosol models which are average 

continental, urban, rural, and maritime, and either hazy (5 

km visibility) or clear (2 3 km visibility) haze conditions 

can he selected in addition tc the capability of selecting a 

particular visibility of the user's choosing. The model 

accounts for molecular absorption, molecular scattering, and 

aerosol extinction, plus atmospheric refraction and earth 

curvature  effects. 

LCWTBAN IIIB is presently an available method fcr pred- 

icting atmospheric transmittance at low resolution at NPS 

and may be incorporated in simulations and studies of 

electro-cptic weapon/sensor  systems performance. 

Basically,   this   thesis   describes   a  program tc 

a) Develop a computer code to calculate atmospheric 

transmittance for particular  wavelengths. 

b) Develop a cede to give transmittance and mclecuiar 

absorptance  with bandwidth   appropriate  to  grey-body  screes. 

10 
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c) Apply these to prediction of trarsmittance over a 
narine optical path, based on the available meteorological 
data base fcr the area, fcr conditions appropriate tc the 
optical propagation experimental measurement program at the 
Naval  Postgraduate School. 

11 
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II.   THEORY   OF   ATMOSPHERIC   TRANSHITTANCE 

Beer's  law   fcr   linear propagation  of monochromatic  rad: 
ation  in the linear   regime  can  be  expressed as fellows; 

i [l<V)]    = -/Hy)l(V) (eqn  2.1) 

or 

I(z)   =  1(0)   e (eqn 2.2) 

The ratio -^-§-' is defined as the transaittance T of the path 
of length z, and u is the total extinction coefficient which 
is the sum of the coefficients for total absorption and 

non-fcrward  scattering 
A = -uA • ut 

Both    the    scattering    and   absorption    coefficients    can    be 
divided  intc components due   to  the    molecules  of  the air  and 
the   aerosol  particles suspended  in it;   i.e. 

>u* = *»*+  kx 

*s • <^ *" <^ 
where   k^ =  molecular absorption coefficient 

Jt    = aerosol  absorption  coefficient 
^ =  molecular scattering coefficient 
G\ = aerosol scattering coefficient 

The relative values of the four coefficients depend strongly 
on the density and molecular composition of the atmosphere 
and the composition, number density and size distribution of 

the aeroscls. The order of importance in each of the impor- 
tant atmospheric transmission windows is shown in Table I 
[Ref.   2]. We     nota    from   this    that     scattering     ty     both 

12 
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molecules and aercscls is of greater importance in the 

visible, and absorption in the infrared (particularly 8 to 

14 um). Since devices are designed to operate throughout 

these wirdows, it is important to predict the transmi-tance 

of the atmosphere as a function of wavelength and weather 

conditions. This prediction becomes a complex problem of 

computer  modelling. The   problem reguires  a    definition of 

the composition, densi-y and pressure of the atmospheric 

gases, together with the freguencies, line strengths and 

line widths of all the spectroscopic transitions of the gas 

molecules and the aerosol constituents,   and the  number,  size 

TABLE   I 

Optical   Atmospheric  Attenuation Coefficient 

Atmospheric Wavelength   for      Attenuation Coefficients 
window EO   systems (jxa) in  order of importance 

Visible 0.4 -  0.7 q%t  <7S,, k«, 
Near   Infrared 0.7 -   1.2 GI.   <Ä,  r«, Kw 
Middle  Infrared 3.0 -5.0 K„,   T£,  Km, ?w 
Far   Infrared 8.0 -   12.0 **,   KK •   <** 

and  ccmpcsition  distributions of the   particles. 

Over the entire wavelength range from visible to 

infrared the absorption by molecules, scattering by aerosols 

and abscrption by aerosols are the -dominant extinction 

mechanisms,       and should    be considered. In the     "windcw" 

regicns cf good transmittance, the molecular line absorption 

is relatively small, and may in some regions be ignored. 

The remaining extinction in chese regions is due to aerosol 

scattering (which varies only slowly with wavelength) and 

"continuum absorption" by the  molecules. 

13 
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A.      HC1BC0L1B  ABSORPTION 

Tc compute the racriochromatic transmittance of the atmo- 

sphere, we must first obtain accurate data describing the 

frequencies, intensity and line shape of all absorption 
lines affecting the attenuation. These should be developed 
a compilation based on certain constraints dictated by 
atmospheric abundances if we need to develop this monochro- 
matic  capability. 

The approach by AFGL is to calculate the transmittance 
at given wavelength for each transition having finite 

absorption at that wavelength for each of the molecules. 
The summation over all the molcules gives a monochromatic 
transmittance which is appropriate directly for laser propa- 
gation, but must be degraded by integration over finite 

bandwidth for low resolution predictions suitable to non- 
laser sources. 

To  calculate the transmittance T  =  s ,   the  absorption 
coefficient Kw should be known as a function of frequency 
for   each  line. 

The fcur essential line parameters for each line are the 

resonant frequency, \t0 (cm-1), the intensity per absorbing 
molecule, S (cm-1/molecule cm-2) , the Lcrentz line width 
parameter, £0 (cm-1/atm) , the energy of the lower state, 
E" (cm-1),and the line half-with at half maximum,^, which is 
proportional to the pressure. The frequency, ^/, is indepen- 

dent of both temperature and pressure. The molecular 
absorption  coefficient is given by 

[m M = —T-, x T^T (aqn   2.3) 

•/- 
(y)   di^ (eqn 2.U) 

14 
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The pressure broadened line width depends in a compli- 

cated fashion on temperature; for computation this is 

approximated by the assumption of temperature - independent 

collision diameters, leading to 

U.  = ^(Eo,T5)^-(i)
a (eqn 2.5) 

where P = 1 atm, and 

T     =  296   degrees Kelvin. 
The   intensity,   S,    is pressure-independent  and  its  temp- 

erature  dependence  can be calculated   from  E"  and 

S(T)   =  £(T.) QvCT>; x iklPx exp h.439  E"(ö*-)l     (egr  2.6) 
*   Q„<>T;     QrcT>        *L TT$ J 

where Qy and Qr are vibrational and rotational partition 
functions respectively. At  lower     pressure -ehe     collision 
broadening diminishes and Doppler broadening becomes impor- 
tant. In the intermediate pressure range the Voigt profile 

obtained    by convolving    the two    profiles     is used. Once 
Doppler brcadening deminates the Gaussian profile may be 
used. Lcrentz linewidths are typically .001 to .01 cra-1, 
while the Doppler width  may   be   0.0003  cm-1. 

The AFCRL calculations [Ref. 14] are based on the 
Absorption Line Parameters Compilation, which originally 
listed V0 , S(T),^(Ps, Ts) and E" for 130,000 lines in the 
range beyond 1 Aim, for each one of the species water, carbon 
dioxide, czene, nitrcus oxide, carbon monoxide, methane and 
oxygen. A new version of the compilation including over 
139,000 lines between 0.2 /im and 30 /urn was recently reported 

by  AFGL [Bef.  3]. 

15 
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B.      CCNTINUOH   iBSOBPTIOH 

Continuum absorption occurs as a result of cclii- 

sional interactions between molecules; that is, collisions 

between two HaO molecules and those of other gases (princi- 

pally HaC: N^ collision, since nitrogen comprises approxi- 

mately 80 % of  the air) 

In wavelength regions between the absorption bands some 

attenuation occurs cf a continuous nature which is attri- 

buted to water vapor. The mechanism of water vapor 

continuum extinction lacks a complete theoretical explana- 

tion. At present, it is believed that it results from the 

accumulated attenuations of the distant wings of H^O absorp- 

tion lines, occurring principally in the far infrared part 

of the spectrum. Other postulates, such as that the pheno- 

menon is caused by other absorption mechanisms involving HxO 

dimers,   remain   possibilities yet to  be  proved. 

Hcwever, all that we can do at present is to account for 

the water vapor contiruura phenomenon empirically, based on 

what limited experimental measurements we have to go en, 

until     better line     shape     theories     become available. It 

should be emphasized that further accurate and well cont- 

rolled measurements are urgently required in order to 

account for this phenomenon in real atmospheric situations 

with   confidence. 

A common formulation used (for example in L0WT5AN III3) 

to account for the water vapor continuum attenuation at a 

fixed temperature has been to define the transmittar.ee T (;/) 

as   fellows; 

T<»   =  e (eqn   2.7) 

where  the attenuation coefficient  lc(^)   is  given   by 

16 
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K(y)   = c, 
-5 

pn,» + ^<PT-p«> 6Ü (eqn  2.3) 

where PH and PT refer to the water vapor partial pressure 

and ancient pressure respectively (atm) , and CJ defines the 
quantity of water vapor per unit pathlength (gm cm-2 km-1). 
The quantities c5 and CH are generally referred to as the 
self and foreign (nitrogen) broadening coefficients for 

water  vapor. 
Values for C. and C„/Cs have been obtained empirically 

from laboratory measurements. In LOWTRAN versions I through 
III, the quantity C„ /Cs is assumed to remain constant over a 
given wavelength interval. However, a major addition in 
LOWTRÄN HIE has been to account for the temperature depen- 
dence of Cs and this will be discussed in the 8-14 /im Ha0 
continuum region. The Hx 0 continuum radiation in the 
3.5-4.2 Aa region is of much less importance and will not be 

futher  discussed here. 

1.     Temperature   Dependence 

The water vapor continuum attenuation coefficient 

has been found to have a significant temperature dependence, 

which was net accounted for in the previous LOWTRAN computer 
codes. Eased on the laboratory measurements using samples of 
water vapcr at elevated temperatures, an approximate empir- 
ical expression was obtained by Roberts et al [Ref. 6] for 
the temperature dependence which is given in 2qn 2.9 belcw. 
It was fcund that the attenuation coefficient due to the 
water vapor continuum increases as the temperature 
decreases. That is, for a fixed amount of water vapor in a 

giver, patt, one would expect more absorption at lower temp- 
eratures and less absorption at higher temperatures. This 
is  a     scmewhat   unusual phenomenon. In  practice    one   finds 
less water vapor in the atmosphere under cold conditions, 
therefore,     the   effect of temperature     on  the attenuation  in 
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the 8-14 ;ua region Flays two competing rcles, through tha 

total water content of the path and the attenuation coeffi- 

cient. 
1'ne empirical fits to the wavelength and temperature 

dependence of the water vapor continuum described in Roberts 
et al £Bef. 6] have been used in LOWTRAN IIIB with the 
appropriate  conversion of  units as follows. 

The attenuation coefficient Cs in gm cm atm at 
296 K is given by tte following expression in tha 8- 1U Aim 

region: 

C^ (>/,296) =4. 18+5578exp(k-7.87x1o".i>) (eqn  2.9) 

-l 4 

where 1/ is  the   wavenumber in  cm       (note  that      =10  A,   where A 

is  the  wavelength in jam) . 
The  temperature dependence of the  coefficient  C«   was 

found to  vary as: 

C$ (i/,T)   •  C5(*>,296)exp 6.08(-Y--1) (eqn  2.10) 

where  T is  the  temperature   in   degrees  Kelvin. 

2.     Nitrogen Broadened   Coefficient 

Cig/Ci in the above Equation represents the ratio of 

the fcreign (nitrogen) broadening coefficient to the self 
broadening  coefficient. 

In LOWTRAN IIIB we use a value of 0.002 for the 
parameter CH/C$ based on the measurements presented by 
Supplement  LOWTRAN   IIIB [Ref.   7]. 

Here, it is assumed that Cw/Cs (at 296 K) does not 
vary with temperature (since no supporting measurements are 
available). 

18 
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Thus, further measurements are needed to determine 

more accurately the magnitude of the parameter Cw/Cs and its 
temperature and   wavelength  dependence. 

3.     Transmission  Calculations 

The transaittance due to the water vapor continuum 

in the 8-14 jam region is calculated for a horizontal path of 
length BANGE (km) at altitude z using the following expres- 
sion   in  LCWTRAN   IIIB: 

T{V)   =   expf-C    (V, 2S6)XW(Z)X3ANGE] (egn  2. 11) 

where W(z) is the effective HO absorber amount per unit 

path length (in gm • cm" atm km"' ) at altitude z, and Cs (>/, 
296) is the water vaF^r (self broadened) attenuation coeffi- 
cient obtained from laboratory measurements at a temperature 

cf  296  K. 
The  quantity  W(z)   is given by: 

W(z)   =  w(z)   P^oexp[6.08(^ri)-hO.oC2(PT-p,fe0>]        (egn  2.12) 

where 

w (z)   •  gm cm-2/km of H20 in the  path  at temperature  T, 

H»O =  H20   partial pressure   (atm)   at altitude   z. 
p =  ambient   (total)    pressure   (atm)   at altitude   z,  and 
T(z)       =    ambient    temperature at     altitude     z     (degrees 

Kelvin) . 
Note that the temperature dependence of the attenuation 
coefficient C5 (>M) given in Egn 2.10, has been incorporated 
into   the  expression   for  W in  Egn  2.12.       The  reason  for this 
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is so that the temperature variation over a given atmos- 

pheric slant path is weighted equally with the water content 
along  the path. 

It may be worth contrasting 2qn 2.12 with th« 
corresponding expression which has been used in LOWTEAN I 

through  LCHTBAN   III,   that is: 

W(z)   =  w(z) P     +0.005(PT-PHiO) (egn  2. 13) 

C.      AEBOSCL   EXTINCTION  COEFFICIENT  &   MODELS. 

Scattering of radiation occurs from molecules in the 

air, from aerosol particles suspended in the air, and from 
water droplets in fog, rain or hail. The attenuation of a 
beam depends on the size and number density distribution and 
the  refractive     index of  the particles. Atmospheric tran- 
smission may be strongly influenced or even dominated by 

scattering from aerosol particles. The major parameter 
determining the interaction is the ratio of particle radius 
to  the  wavelegth of   the radiation. 

1.     Aerosol   extinction   coefficient 

Aerosol extinction is sum of the absorption and scattering 

by aerosol particles. Although scattering by aerosol parti- 
cles whose radius is smaller than about 0.03 times the 
wavelength of the light may be calculated by Bayleigh 
theory, for the whole range of particle radius Mie theory 
must   be  applied. 
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a.     Rayleigh  Scattering 

The   Rayleigh  volume total  scattering  coefficient 
may  be written  as 

where       n   ;   refractive index 
N   ;   the   number density  of molecules 
E   ;   depolarization   factor due to  seme  molecular 

anisctroFY. 
Following Penndorf [Ref. 8] it can be written in 

the following form which depends on pressure and tempera- 
ture. 

(Tm -- 4. *°1 * '°""C a73/T) C p/,613) * 4,C!l^'       (eqn   2. 15) 

The streng dependence on wavelength means that Rayleigh 
scattering is a small effect for wavelengths longer than the 
visible. 

b.     Mie   scattering 

This     is  appropriate    for the     condition  cf    particle    size 
comparable  to    wavelength; i.e.,       for  large    molecules  and 
small  droplets.       This    is the  most  important     mechanism for 
atmospheric scattering. McCartney gives the scattering 
coefficient  [Ref.  9]. 

(T =  TT/rxNT(r)K U,n)dr (eqn  2.16) 

where  r   ;  the particle radius 
MT (r)   ;  the total number  density of  particles  in  the 

size  range  dr   about  r 
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K (o(»n)   ;   the   area scattering coefficient,   the   ratio of 
effective    area  to    geometrical area,       which 

depends on «L =   2irr/^   and refractive  index  n. 

2»     Aerosol   Model 

The range of conditions in the boundary layer is 
represented by three diffent aerosol models, which are 
rural,       urban   or    maritime. The     first  two    are     grouped 
together  as  " averaged continental ". 

a.     Maritime 

Maritime aerosol composition and size distribu- 
tions are significantly different from rural and urtan 
aerosol types. The maritime aerosol component is due to salt 
particles which are caused by the evaporation of ssaspray a 
droplets. The concentration of particles near the surface is 
strongly dependent on wind speed ( above 7 m/sec ) and the 
size distribution is also dependent on relative humidity. 
This salt-carticle number-density decreases rapidly above 
about  50C  m [Ref.   10 ]. 

t.     Rural 

Rural aerosol background is partly the product 
of reactions between various gases in the atmosphare and 
partly due to dust particles picked up from the earth 
surface. The particle concentration is largely dependent on 
the  history  of  the   airmass   carrying the  aerosol  particles. 

c.     Urban 

urban aerosols contain certain additives from 
combustion products and from industry. Shettle and Fenn 
assumed an addition of 35X soot-like particles of similiar 
distribution to  the  rural aerosol [Ref.   11]. 

22 
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III. lOi RJSOLÖTIOH MODELLING 

1.  HCDEI ATMOSPHERES 

The ICüTRAN code provides a choics of six atmospheric 

models. These include the 1962 U. S. Standard Atmosphere 

plus five supplementary models. Surface level conditions for 

the supplementary models are given in Table II [Bef. 1]. 

There are also two conditional haze models - corresponding 

TO sea level visual ranges of 5 and 23 km - provided as 

basic input data for LOWTRAN III. Aerosol ?.t-.=r.uaticr. for 

ether  visual ranges    is calculated     using  an    interpolation/ 

TABLE II 

Surface  Level  Condition for Model  Atmospheres 

Model Latitude  ] 
atmosphere S 

• o n th 
Subartic 
winter 60   N,Jan 
summer 60   N,July 

Midlatitude 
winter 45   N,Jan 
summer 45   N,July 

Tropical       15   N 

extrapolation procedure which utilizes these two models. In 

addition to the model atmospheres the user has the option of 

inserting his own model atmosphere, or of building another 

model by combining various parts of the six standard models. 

Provisions are made in the LOWTRAN program for inserting 

radiosonde data. There are limits on the accuracy of 

I0WTEAN transmittar.ee calculations when the input is radio- 

sonde data alone. Radiosondes provide vertical profiles of 

the     synoptic    meteorological       parameters     of    temperature. 
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essure Temp. Air Water Ozone 

(3b) (K) 
density 
(g/m3) 

vapor 
(g/m3) (g/m3) 

1013 
1010 

257 
287 

1372 
1220 

1.2 
9. 1 

4.1E-05 
4'. 9E-05 

1018 
1013 

272 
294 

1301 
1191 

3.5 
14.0 

6.0S-05 
6.CE-05 

1013 300 1167 19.0 5.6E-05 
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pressure, humidity, and wind. Information on micrcnetsoro- 

logical parameters (i.e., aerosol size iistributions, local 

oxilant concentrations, etc.) is also needed as input. la 

the absence of microneteorological inputs LOWTRAN relies on 

its mcdel atmospheres for that information; this nay not 

necessarily    be   applicable    to     a    specific location. For 

further  discussion  or optical  parameters see [Ref.   12]. 

E.      CALCULATION   MODELLING 

In the application it is impossible to measure 

transmittance at a single frequency. Instead one measures 

the transmittance T {if) averaged over the spectral band- 

width, T (>>) , accepted by the receiver, as indicated in the 

equation 

V> • tyJlCi,>Ai) (eqn  3.1) 

where V is the central frequency in the interval, *>lJ . 
Consequently for many applications one is interested in 
knowing the transmittance of the atmosphere averaged over a 
relatively wide spectral interval, that is, for low resolu- 
tion. 

Thus the term transmittance is somewhat ambiguous unless 
it is gualifisd by seme indication of the spectral «solu- 
tion, ^^ , ever which it is averaged. This is particularly 
true in the case of nclecular absorption, since the absorp- 
tion coefficient Kw is a rapidly varying function of 
frequency. It is because of the rapid variation of Km with 
frequency that the averaged tranmittance T ioes not, in 
general,  obey the simple  exponential   law.   Tha*  is. 

L^  * Z~»J   •^[-fcmO'Mm] (eqn   3.2) 
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where Km represents the net monochromatic molecular 
absorption  coefficient. On  the    other  hand    the  molecular 
scattering coefficient ((£,) and the aerosol scattering and 
absorption ccef f icients( ff and K^) are slowly varying func- 
tions of frequency, and the average transmittance obeys the 
simple exponential law provided only the direct transmitted 
team   is  being observed 

There are four basic approaches to obtaining a low reso- 
lution transmit tance value for a given path through the 
atmosphere  due  to molecular   absorption.     These are; 

(1) direct measurements over  the required  path, 
(2) measurements in the laboratory under simulated condi- 

tions, 
(3) lire-by-line (monochromatic) calculations cased en 

detailed knowledge of spectroscopic line parameters which 
are   then  averaged over the   required spectral  interval,and 

(4) calculations based on band model techniques (which use 
available laboratory and/or field transmittance measurements 
cr  actual  line  data   as a  basis). 

From the point of view of computations, method 3 
involves a considerable amount of work and computer time, 
and  consequently  method  4 has  been used  most   frequently. 

Easically, it involves a graphical or computerized 
"curve fitting" technigue for accessing the stored transmit- 
tance data for the appropriate absorber and scatterer 
amounts computed from the input atmospheric path conditions. 
The predetermined variations of transmittance with frequency 
are stored for the various atmospheric constituents, for 
standard  path conditions. 

For a given set of meteorological conditions and 
selected path, the appropriate absorber and scatterer 
amounts in the required path are computed for each component 
and the results used to correct the transmittances for these 
components.       The  transmittances   for     the  separate   processes 
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(line absorption, continuum absorption, molecular scat- 
tering, aerosol scattering and aerosol absorption) ari then 
multiplied  together  to give  the overall  absorption.     That  is 
• 

T     ip) (total)   =   lAy(v) (line absorption)   x 
TAi,(*4 (continuum  absorption)   x 
*4VM (Bayleigh)   x 
TAy<^ (aerosol). 

It should be noted that the LOKTBAN computer cede is 
designed to calculate the transmittance for spectral bands. 
It should not be used to calculate transmission for laser 
lines. Suitable techniques for computing atmospheric tran- 
smission for laser lines or extremely narrcw spectral bands 
are   described in [Ref.   13],   [Bef.   14],  and [Bef.   15]. 
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I?. EXAMPLE OP PBOgBAH OSE 

1.  PROBLEM 

As a check en the performance of the cods a sample calcula- 

tion was carried out using the same input data described by 
Shlanta and Cornette [Ref. 1], for which they prcvids 
computed output. 

The example is the calculation of the transmittar.es from 
2350 to 2U50 CD-I in steps of 5 cm-1 for a slant path from 
2.5km to 8.5 km at a zenith angle of 65 degree, for a 
subartic  winter   model atmosphere,  and a   23  km visual range. 

The program is initiated with data input on U cards 
(lines) defining the conditions of the computation, and user 
directions are given at the beginning of the program listing 
(Appendix  A) . 

CABD   1      **5**1**1 

5  ;   Sub-artic winter atmosphere 
1  ;   An average continental  aerosol model 
1 ;   For   23 km  visible  range 
0 ;   For  normal operation,   etc. 

CABD   2     •*2**0*********2.500*****8.500****65.000 
2 ;   Vertical  & slant  path   between two  altitudes 
0  ;   For  normal operation of  the   program   which 

selects the   shorter path  when  applicable 
2.500  ;   Observer   altitude   (km) 
8.500   ;   Scurce altitude   (km) 
65.000 ;   Zenith  angle  at H1   (deg.) . 

CARD   3     **2350.000**2450.000*****5.000 
2350.000   ;  Initial  frequency   (cm-1) 
2450.000   ;  Final   frequency        (  "     ) 
5.000  ;   Frequency intervals  at  which 

transmittance  is  printed. 
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CARD   4      **0 

0 ;   Tc end data. 

B.      ODTPOT   FROM   LOiTBAH   IIIB. 

The cutput fcr this problem is given in Appendix c. The 

parameters defining the atmospheric path, model atmospheres 
and frequency range are first printed out. Following tabu- 
lations give the absorber amounts for horizontal and 
vertical path. At the heading HORIZONTAL PROFILES zhere are 
13 columns. The first column gives a running integer asso- 
ciated with each level. The second column gives -ehe level 
altitude in km. The next 8 columns give the equivalent 

absorber amounts per km fcr the following absorbing species: 
water vapor, uniformly mixed gas, czene, nitrogen continual, 
water vapcr continuum (10 jui) , molecular scattering, aerosol 
extinction    and   OV     czone,     respectively. The  next     three 

columns give the mean refractive index modulus from that 
level to the level abeve, the equivalent absorber amounts 
per km for the water vapor continuum (4 jum) and for nitric 
acid. 

A heading VERTICAI PROFILES is then printed followed by 
15 columns. The first and second columns give the integer 
associated with the levels traversed by the path and the 

height of the level. Then follow 8 columns which give the 
integrated equivalent absorber amounts from the initial 
altitude to the level above (in the same order as indicated 
above). The next 4 columns are labelled PSI, PHI, BETA, and 
IHETA   (see  Appendix   0). 

The tctal equivalent absorber amounts for each absorber 
species are then summarized below in their appropriate 
units. 
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The second line in the total equivalent absorber amount 
table gives the water vapor continuum amount (U jum) and the 
nitric acid amount. 

A transmit tance table, containing 12 columns, now 
follows. The first 3 columns give the frequency (cm-1) 
wavelength     (am) ,     and    total    transmittance. The  next     7 
columns show the individual transmittances due tc water 
vapor, uniformly mixed gases, ozone, nitrogen (4 jum) 
continuum, total water vapor continuum, molecular scat- 
tering, and aerosol extinction. The last 2 columns give 
absorption due to aerosols and the cumulative integrated 
absorption. The latter quantity can be used to determine 
the average transmittar.ce over any given spectral interval 
within the spectral range covered by the calculation. 
Finally, the total integrated absorption from V1 to V2 is 
printed cut together with the average transmittance ever the 
band. 
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?.   APPLICATIOB 

The purpose of this imp lamentation of LOWTRAN IIIB is to 
present a simple method of predicting atmospheric transmit- 
tance (at lew resolution) which is applicable over a wide 
spectral  interval and for a   wide range of  atmospheric  path. 

In this study the bandwidths of the computations have 
been chosen to match the transmission bands of the filters 
used by the atmospheric optics measurement group at NPS 
[Ref. 16]. These filters have been used with grey - body 
sources  tc  give   wavelength  resolution     in  a number  of trans- 

TABLE   III 

Broadband System 

center 
wave- 

length 

£3* 
0.63 
0.84 
1.C3 
1.06 
1.60 
2. 15 
3. 80 
3.835 
10.66 
11.02 

filter grey-body 
bandwidth ii source 
at   1/2  ht temp. 

2800 .M» (CM-1) 
20619-21053 

.010 15748-16000 II 

.010 11334-11976 II 

.010 9662-9756 II 

.010 9390-9479 II 

.098 6064-6447 II 

.097 4549-4759 II 

.400 2500-2778 1800 

. 110 2571-2646 II 

2.850 827-1083 II 

.710 879-938 it 

detector 

Si 
II 

Ge 
InSb,   77K 

HgCdT< 3      II 
77K 

mittance neasurements at Monterey and elsewhere. Figure 5.1 
shows the passbands of the grey-body source filters superim- 
posed on curves of atmospheric transmittance for a 1000 ft, 
path at sea level cortaining 5.7 mm of precipitable water at 
79*P.     The   filter  bands  are  shown as   Table  III. 
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Figure 5.1       Bandpass Regions for Grey-body source. 

A.      LOBTBAN     CALC0LA1I0S5   FOR     THE  MONTHLY      A7EBAGE   CATA     OF 

HCHTEBEI  BAT 

Calculations intended for use in the propagation studies 

in -he Hcnterey Bay Area make use of the known range of 

conditions and three different relative humidities, 70, 80, 

and 90 %, taking into account the monthly and yearly aver- 

ages cf air pressure, air temperature, dewpoint temperature, 

water vapor density, and relative humidity. These monthly 

and yearly averages are taken from the thesis by Guner 

(Ref. 4], and ozone density is translated from that source 

to 6.00E-05 gm/m3, consistent with the midlatitude model in 

Table II. In this Table IV the average temperature is used 

which is the mean value cf maximum and minimum average temp- 

eratures  corresponding to day/night  conditions. 
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Tabls V shows the calculated atmospheric transmittarce 

for 3 different casss of relative humidities and t = 3ipsra- 

tures fcr selected wavebands of the broadband system a* sea 

level(1.60r 2.15, 3.80, 3.835, 10.66, 11.02/in), 13.16 km 

range, and with typical May conditions. Figure 5.2 and 

Figure 5.3 also represent the atmospheric transmittance of 

Table V. 

By comparing the numbers for different relative 

humidity,     it can be seen     that  increasing  relative   humidity 

TABLE   17 

Hcnterey Bay  Area Average Heather Condition 

mean pr. mean temp 
JAN. 

(mfcars) 
1020.0 

jdeg.) 
10.03 

FEB. 1020.0 10.57 
MAß. 1017.5 10.84 
AFH. 1 018 . 0 11.68 
MAY. 1 0 17 . 0 13.34 
JUN. 1 C15 . 0 14.45 
JÜL. 1017.0 14.73 
AUG. 1 0 17. 5 15.29 
SEP. 1 013 . 5 15.84 
CCT. 1017 . 5 14.73 
NCV. 1C19.0 12.79 
DEC. 1 0 18 . 0 11.12 
YEAR. 1017.5 13.07 

mean  dew. H20  den. rel.   hum 

W (g«/a ) 
* • J  V <% 

6.68 7.67 76 
6.68 7.67 78 
8.34 8.53 77 
9.45 9.11 77 

11.12 10.16 79 
11.68 10.55 83 
10.23 10.92 

ft 14.73 10.55 
10.01 9.40 75 
7.23 7.95 72 
6.12 7.37 73 
8.89 8.82 77 

TABLE   V 

Comparison of  Transmittance by   B.H &  Temperature 

wavenumber 
Aim cm-1 

Rel.   Humidity 
70 %     80 %    90  J 

temoerature( C) 
0.0       13.3       30.0 

1 |    1.60 6064-6447 .823 .823 .823 .823 .823 .823 
2 2.15 454 9-4759 .834 .832 .331 .83 3 .833 .833 
3 )    3.80 250 0-277 8 .803 .797 .791 .794 .799 .803 
4 3.835 257 1-2646 .813 .808 .803 .806 .810 . 814 
5 10.66 827-1083 .336 .815 .793 .801 .821 .839 
6 11.02 879-938 .856 .833 .808 .818 .840 .860 

decreases the    atmospheric   transmittance.       We can     alsc  see 
that     increasing    temperature  increases     the    transmittance; 
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significant differences of the transmittance occur due to 

temperature. The cumbers from the 8-14 jum region are much 

larger than the other band. This point is consistent with 

the thecry cf the temperature dependence from chapter II. 

I 

I 
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B.      OPTICAL   TRANSHISSION   AT   SAH   NICOLAS   ISLAND,   CEWCCa-78. 

In May 1978 the NPS Optical Physics and Micrometeorolcgy 

Groups participated in a Cooperative Experiment, Hest Coast, 

Oceanography and Meteorology, 1978 (CEHCOM-78) in ccopera- 

tion with the measurement program OSP-III run by the ÜSK 

Optical Signatures Picgram on San Nicolas Island. Optical 

transmittance measurements from the B/V ACANIA to shore and 

nicrcmetecrclogical «sasurements on the B/7 ACANIA were made 

by NES measurement group, and other meteorological data were 

monitored in the OSP experiment. Heather conditions limited 

the   data obtained. 

The measured transmittance of the optical path from the 

R/V   ACANIA    to   site   A    on t he    northwest   tip of     San  Nicolas 

TABLE  VI 

San  Nicolas  Data, CEWCOM-78 

Date       Time Ranae(m) Broadband (jum) 
3.6-4.0 9.0-12.0 

5/15        1126 63,0  % (94.99) 
II 

1126 
1458 2192 
1633 2200 
1649 22C0 

45.2   «(96.14) 
57,8   «(95,31) 

49.8  «(96.63) 

Island is listed in Table VI. The transmittances are the 

observed values, unccrrected for the molecular absorption, 

measured   with filter  selection  from a  grey-bcdy  source. 

The micrometeorclogical data taker. by the NPS 

Meteorology Team during the CEHCOM-78 experiment [Ref. 16] 

and the Daily Statistical Summary of Meteorological Data 

[Ref. 17] are used tc find interpolated temperature,relative 

humidity, and visibility. The numbers in parentheses repre- 

sent LOHTEAN predictions of transmittance, including both 

molecules and aerosol extinction based on these meteorolo- 

gical   input  data. 
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The comparison   is given   for the one  day  for  which  suffi- 

TABLE   VII 

Heteorological Data 

Tine     Broadband       Eress.     Temp.   Dew T.     S. K.   Water  vapor 
0im) (mbar)      (deg.)(deg.)      (X)        (g/a3) 

1126 3.6-4.0 1013.2 14.52 10.0 81.0 9.8 
1633 • " 14.99 10.9 66.7 • 
1458 9.0-12.0 " 14.80 10.9 74.67 9.7 
1649 '• '• 14.93 10.0 65.69 9.5 

cient meteorological data are available (Table VII) . This 

comparison shows the LOWTRAN predicted transmittance for 

these conditions to be much higher than the measurements. 

The overestimation of transmittance by LOWTRAN suggests that 

the particle model included in the code cay be inadeguate, 

or that the model's total particle number density may be 

underestimated     by   the    code. Calibration    errors  in    the 

measurement equipment have been investigated and are consid- 

ered  an  unlikely source of   the discrepancy. 

C.      EXPERIMENTAL   BEAS0REÜEIT   FBOH   MARINA   TO  POINT   PINOS 

The current modelling effort was undertaken in support 

of an experimental progam of transmittance measurement of 

total extinction on ranges over Monterey Bay from Marina to 

Foint Pines (June 1979) using laser and broadband (thermal) 

sources. The optical extinction was measured at 0.4880, 

0.6328#   1.03,   1.06,   and  11.05 /ia. 

The calculational program has therefore been directed to 

computation of molecular absorption and aerosol extinction 

coefficients for sea level propagation under a range of 

weather conditions statistically typical of Monterey. This 

has been dene for a variety of wavelengths appropriate .to 

the measurements, and averaged over the filter bandwidths 

for   the  broadband sources used   (see  Table  III.). 
i 
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The aerosol particle spectrum was measured or. beard the 

ACANIA with a Knollenberg counter. This information was 
used to predict a scattering extinction coefficient, based 
en     one  point  measurement of  the  particle  size spectrum. 

For comparison of data it is necessary to subtract the 
affects     cf    molecular    absorption from     the    total    optical 

TABLE   VIII 
Extinction Coefficient from  Optical  Measurement  and  LOiTRAN 

date time 0 ptical LOWTRAN diff. aerosol 
(am) total molecular 

6/6 1734 1.60 
Ia) 
22.5 i% 0?072 

(a-c) 
22.4 31 .6 

1714 1.06 21.7 2.68 0. 165 21.5 32.4 
1718 1.03 19.4 2.69 2.63 16.8 32.3 
172C 0.84 22.1 2.75 0. 196 21.9 32.8 
1721 0.63 22.5 2.83 0.066 22.4 32.8 

6/7 14C6 11.02 19.17 1 .84 1.52 17.7 7.62 
1404 10.6 12.1 2.01 1.49 10.6 7.72 
1423 1.06 35.5 2.45 0. 16 35.3 48.7 
1434 1.03 43.9 4 .87 2.56 41.3 49.5 

1555 11.02 20.0 1 .73 1.25 18.8 7.83 
1558 10.6 10.6 1.77 1.26 9.34 7.71 
1615 1.6 35.3 2.17 0.07 35.2 49.2 
1628 1.06 38.3 2.43 0. 15 38.2 50.5 
1632 1.03 35.0 4.69 2.4 3 2.6 51.4 
1634 0.84 40. 1 2.52 0. 18 39.9 51.0 
1636 0.63 4 3". 2 2.45 0.06 7 43. 13 53.0 

extinction. This is done using LOWTRAN. The value cf rela- 

tive humidity and water vapor content have been obtained 
from Erof. Schacher and Dr. Fairall who made the aerosol 

measurements [ Ref.   18]. 
The results are presented in Table fill. The extinction 

in units of E-02 km-1 as measured optically, -"-he LOWTRAN 
prediction of total extinction, the molecular contribution 
computed by LOWTRAN, total measured minus LOWTRAN molecular, 
and  the  values   calculated from  aerosol spectra are   shown. 

3y the comparison seen by the Table VIII, optical 
extinction compu~ed from the aerosol spectra is much higher 
than  the   LOWTRAN  to-ai extinction,     and  is   very  often  higher 
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than th« measured oprical extinction. This may b<= dus to 

the fact that aercscl extinction was not measured over the 
whole path but at only one point. It was measured en board 
the ACANIA meteorological mast at a height of approximately 
10 m above mean sea level, at approximately the car.t=;rpoint 

of the optical path. The optical path in this experiment 
ranged frcm 18.3 n above sea level at Marina to almost sea 
level at the ACANIA, due to earth curvature over the 13.16 
km   path. 

Iotal aerosol extinction from LOWT3AN is much less than 
the extinction calculated from the measured aerosol 
spectrum. Subtracting the calculated molecular component of 
the LCWTBAN from the optically measured extinction yields 
the aerosol extinction ("diff."), which is much greater than 
the LCWTBfiN aerosol component but somewhat less than that 

predicted frcm the aerosol spectra. i.e., agreement of 
aerosol extinction is much better with aerosol spectrum 
measurement than with the LOWTBAN aerosol extinction. It 
appears probable that the LOWTBAN model consistently under- 
estimates the severity of aerosol extinction in the marine 
environment. 
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?I.   C0HC1DSI0N   AND   RECOMHZHDATION 

The comparisons of LOWTRAN IIIB predictions with optical 

measurements and with computations from particle sis? 

distribution measurements show considerable differences. 

The differences could conceivably arise from measurement 

errors in the optical transmittance and the particle 

measurements; the two physical measurements give results 

reasonably close to each other but in both cases differ 

markedly frcm LOWTBAN III3. In view of the consideration 

give to toth measurement techniques it seems most likely 

that LOWTBAN IIIB consistently underestimates the aerosol 

attenuation  in   the  infrared  wavebands 

It must first be realized that LOWTP.AN IIIB contains 

limitations.     It does not include the  affects of 

1.clcuds,fcg or precipitation 

2.refraction,     scintillation     or distortion    of  the     propa- 

gating  beam  due   to  turbulence 

3. background interference     frcm  direct     or scattered     solar 

radiaticn 

4.surface  level reflections and  masking 

5. multiple  scattering 

In addition the models of refraction and earth curvature 

are simplified and the atmosphere is considered to be hori- 

zontally homogeneous and stable with no inversion. These 

limitations mean that at best LOWTSAN IIIB results are of 

"moderate"  accuracy. 

Some of these limitations have been removed in the 

continuing evolution of LOWTHAN. LOWTBAM IV (Feb. 1978) in 

addition to using improved empirical transmittance functions 

for gases of small absorber amount, includes the affects of 

nitric acid  as   an  absorber     and  emitter,     and incorporates a 
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"radiance mode" to compute the raiiar.ee from the «arch 
surface and the  atmosphere. 

LCWTBAN V (Peb, 1980) has bean upgraded to include new 
aeroscl ncdels dependent on altitude and relative humidity, 

and  a  model  for   fog  attenuation. 
It may be expected that implementation of these codes 

(pref€rbly LOWTHAN V) may give better agreement between 
experiment and compution and allow better validaticn of 
aeroscl  extinction  calculation methods. 

LCWTEAN IV and LCWTRAN V are not currently availabls at 

NPS in card cr tape form, and considerable modification will 
be reguired to adapt them to use on the IBM 3033 system. In 
the absence of later forms of LOWTRAN, the IIIB version may 
still be used to compare transmittances under different 
conditions. In addition, little change has been made in the 
absorption in later versions, so that the use of IIIB to 
compute the    atmospheric absorption  is  valid. This allows 
its use to compute aerosol extinction from total optical 
extinction  by subtraction of the calculated abscrpton. 

It is recommended that an effort should be made to adapt 
LOWTHAN  V  for the NPS IBM computer system. 
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«a i  i  i i i i  i  i  •  i  i      i i      II 

n 

i 

w 
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APPEHD11  B 

CCMTINOEO  DATA  PACKAGE 

OMnfnf^»-oooco<ooin<»mNoooooow'r)ff93mmaOMnoos^(coooooooirifl*ir)ro^ 

i •  i  i i i i  i i i i i I i i i i I i i i i i i i i i i  i i i i  i i  i t i 
^o<o«i3'^'0«T*»-03,<7toooooooootr»vors)oeo3'vo»-o>r-a-a>3,.3,oooooooi,^o>«-ir)0<N 
»mao'-^or'inmnw^^oooooooociooo>0(NOininin*9'-*ooooooooeossffiin 

i ill i i i i  i i i  i i i i i i • i i i i i i i i i  i  i i  i i i i  i i  i 

^(N<7>vo<»ooin»-ir.CNiorocrioooooo^,^\0(N05j,a><TvCTiQooDao»-fnooooooocDiJ-aocNvo<,r! 
<Ninr»<Nir>Olf)rOCNJTCT>«*)Ot^OOOOOO»,r'OOOr^»-0»f>vOPO*lf>0*OOOOOOOfr)0>3-»-»-^0 

^ooo^irirno(Nr>ioo^r^»n«nunir)uiui<,0»-ooo«-rsir-oo»-'O^(Nir»vnif>infNiir>irirnoo<-^»- 
i ill i i i  i i  i i i i i i i i  i  i i i i i i i i i i i i i  i i i  i  i  i 

o^co*oooir.oa,ooo^o^oooooovoaoa,0\0(Na)inoor,~30NCO>ooooooooocooof,naio<,rt 

i iii i i i  i i i i  i i i i  i i i i i i i i i i i i i i i  i i i i  i  i i 

>OtN3'NI,>OvOOr'l»(Tiin»-\flOOOOOO^iÄNM^'OS''00*v0^iOfnOOOOOOOMv©v003' 
i^rnios«"o3(N<J>3coinr*'aoooooo*ir.(N3 0o»oi,'a}'"*^r»^ooooooo^oina'oa 

^ooo^ui^o^^ooor^intni^uiiTitr>^^oooo<N^oo^oorvjifiint/^inir)vr>if)»*>»~ooiri'- 
i till i i i i i i  i i i  i i i i i  i  i i i i  i i i i i  i i  i i  i i  i  i  i 

(N»C0WIOOOOOOOfl0iOf-OOOOOOv0^'l/)INin»e0^0BO»fl»(»*OOOOOO^O,*)WOlfl 

i i  i  i  i i i  i  i  i i  i  i  i  i  i i i  i  i  i  i i i  i  i i i  i  i i  i  i  i  i  i  i  i 

^rsi<Nvo^*o<r>incNOo»"CNOoooooOvooovoo>ao(N(Nooof»>oorof<n<Nioooooovor»ooaovor» 
if»»-f»'trir*(T>o^vfiin<Tioo*oooooooooo«'(Naor*a>ooo»~',o<,rtinoor'Oooooo'"invo^-^a- 

cNoooO(^uir-^rviooo<Ntnu^iT>tninuiui^,oooo^-»-^O'"OO^-<,0inir)ininiftir)^'»"OO3-rsi 
i i  i i i i I i i i I  i i i i i     i i  i i i  i i i  i i i i  i i i I i i  i  i i 

o(Nvooo^-a>oooooo(NO<Noooooooommvo.»<Np»(^aoooovOvo<J>ooooooooir»<Nr»r»<Ti 
oor»^oiomof*»3,if>^o>fMCT»oooooooovoococ^r»ao»-'-rMvß^voinoooooooflDP»»-inr* 

i till i i i i i i i i i i i     i i i i i i        i i i i i i i i i i i i i i i 

'-oaN«i/i*©o©rMmm^vovo©o©o©©a»»-»a\vo^maoifi^rn©u"><ö©oo©©ooc'jr*aNf*"© 
m^^r*rocM©f <N^osc*»-f>.^©o©o©©^«^f*'\ovoo*<N<N»-'<Ni3'«r>oj©©o©©oo^r>"^a^ 
rooooornir^^^ooo^^ininuiininvncNoooo^^^o^^o^^ininiriiriirtinincNoooirn 
it i  i i i i  i I i i i  i i  i i I i i i  i i i  i i I i i i i i i  i i i I  i  i i 

ir)CT>fN©3'fnor-in©©vp<N©r-oooo©o*r>'005fint*'©vor*',iw©or*>o©ooo©o-a'^"5paor* 
«-fsr»flD*-aooa-ai^<NCT>ovovoooooooa-^*-r»vo^'o>',,'<Yi<?>3-=ta,ooo©©©o©^oo«Nrr)n 

^o©oooi»nr<ocM*-oo^pouiininir»»r)incNOo©o^-^^'©o^-©»-rnir>ir)inir)inifiif»f>*oocN<,o 
ii i  i  i i i i i  i i i i  i i i  i i i i  i i i  i i i i i i i i i i i i i  i  i  i 

87 

I^^^J^J^«.^.^.^._»_...,._._.   . 



.• -.-.» .- -.- v -.- v v " - v v ".'^ji^Tr.~*..-~'~j'*; •".."-•.••"*•.' ."- .""• .-i .•- .•• ."- 71 •.">•."• "r 

000000000000000000 
**>•»*>•>»••    1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1 

aor-rr?ocx>CDO     MMHMh MMMMNMMM PdUWUH 
\o&ma3io*oo   in^ovr>ojror-^P"»noirtoomp,*C7»»- 

• • • • t • •   cyvo^voocofNm»—Ovoo^oooo^om 
OOOOO^-lf»       ••••«••••• 

fn^T-tf)f*»^*o rncNf\|CN<N«""^^*»~(NitN<Ncornrnrr)3'3- 
r-^i-aoveu-io 000000000000000000 
....... 1 1 1 1 1 1 1 1 1 1 1 1 t 1 1 • 1 1 

ooooo«-»n WWWWWWWWWWWWtöWWWWW 
1     1  1  1  1 1 vovootr)ocot-(Naiooooinoo^'r> 
• *> » » % » » mvo3,vo^ooir>'— orsimrvjiDP-oiDij-ir» 

fN*-T-ov05TO • •••••••••••«••••• 

00000«-in ;r on <N CM CM <N CM *-'•-'— cNCNrsitNmmrna'^ 
1 11  110000000000000000000 
•>•>•»•>»» »1  1   1   1   1  1   1   1   1   1   1  1  1   1   1   1  1  1   1 

oiL'iii'-injfOWiijiawwwHWWBiaBiawwwwww 
oosNtNosvoMommvoinoCTi^oocMoiiDinoLnom^'pn-tf 

• a   •   .   •   a   tcOP^mt—r0C)UT-0^-»~,Ä0MDOin(Nir>lDC^ 
ooooo^m  
I fill C0CM*-mir)f>O>»-*-T-0D;frrM«-inCM»-r^«- 

voajvocMin^vo^oocMCMCMCMCNi-i-T-CMCMCMCMrororoa-;» 
Wi-JJivC'-OOOOOOOOOOOOOOOOOOO 
 I I I I I I I I I  I I I I I I I I I I 

00000-3BBWKBMBMMBHBHUWBBBB 
1        1 1 1 1 vor-moinoo(*><n*rnoo»noooovofN 
»•»•>•<•>• «incM»-«*^«-^-^c—T-oinvorviOininoco 

fMrocoa-^oo*- .•.#...«..«••...... 
00*C*vOOr"»vOCM»-CM;»r"*<n»-»-»-OMf)CM»-vO<N»-iyiCM 

*-oooo*-co»rnrocMCMCMCM*-«-»-cMCMCMCMcocr>rnro3' 
I I   I   I   I OOOOOOOOOOOOOOOOOOO 
»«.»»»-.I  I  I  I  I  I   I  I  I  I  t  I  I  I  I  I  I  I  I 

WNOCOMniCBWWBWMMäilWWBWBWBBMMB 
o^-in«D\oai(No>fnorno<^oOvo3'Ooooooovovo 
 •OrkOvOvjOOOP~vO*-»-in»-»_^U">Olf>000 

«-oooooro ••••••  
II 1  1  1  i tn«-o>cM^voao»-»-»-a»voco»-*ero»-»-cM 

r^r*ornc7>CMCM.tfonrocMCMCMCM»~'—«-cMCMCMCM<"0<r)o'iro *in 
^INinOOtfCOffOOOOOOOOOQOOOOOOOOOO 
 I  I I  II I  I  I  I  I  I  I II  I  I  I II  I 

'-OOOaOtNHMHUBMUMqUUUUUHUMHNU 
II        I   I   I   I vCWvOvöOOMNW!NOOOOOOOtnvOr> 
»••>•>•>• ««>rn»-rocMvo«T)ii)»—»-oiinmvooinvocMcnw 

U"lCMCT»r»*-CMO • «•••••»«••••••••.•• 
CM^^r*f*r*ir>co«—I^CM^VOCO *-»-»-o> vorn»-r» 00 »-»-on 00 

»-OOOOOCM jon on CM CM CM CM »-•-»-»-CM CM CM on on onm »a- 
II      1   I   1   IOOO0000000000000000O 
• ••>•»• »i   1   1  1   1   1   1   1  1   I   1   1  1   1   1   1   1   1   1   1 

^»fflinujOrnHBHmiWHBBBHWBHiawWiaWB 
onifi.»uir^o^»-onvo^>ßOMocDvoon»-OMir)ir>tnoino3,JJ,cM 
...... iO>o*'-<^'Tiö'r)N'"00(*r"OP*tKfnoo 

«-OOOOOCN   •   . •   .   .   • •   • 
11      1  1   t  1 »N»-ir>cMrnvo<A'^»-»-»-r^cn»-oocn»-»-*»- 

00000 
or-f** on CM 
vOvovomcM 
*CM *-»-»- 
fOOOO 

t   •   •   •   • 
00000 

oooc^o 
OMSrMOlD 
vÖvOCOCOon 
r*cM*-o»- 
T-OOOO 

• •   •   •   t 
OOOOO 

% % %  •* % 
oooao 
©«-moor- 
minc^r-m 
00 on *-0»- 
^OOOO 
..... 
OOOOO 

tj % % % % 

OOOOO 
OCf*O0nm 
mf*»*—<"nOD 
sr»noM»-»- 
(NOOOO 

. • • • • 
OOOOO 

OOOOO 
o»-^»-in 
CMCTiOOMon 
*ÖOOCM»-CM 
MOOOO 

. • t • t 
OOOOO 
%•>*>»» 
OOOOO 
OOlTK^OD 
oco»-»-on 
OOWOM»-OM 
0M»-OOO 
• • . • • 
OOOOO 

oo©oo 

(Nrooo 
« • • a a 
OOOOO 

rnoo3'^-avooo(N*r-o^ao'Tio 

000000000000000 
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1 

oo *©o>©cn«— ^areDCu-oi ao^o«—»—r^in ^COOOOCMTI oosrinin^r* or-^co^«- o^a» 
r»- vo over» moo *«^CN«N»<N ;»aoi/ir»*<N »—oosyvocovo VOOD-S-OCNVO votr>in<Naoin in«—*— 
oo ocnirconro cN<Nvooonn CNI—«—aovovn cftON<\|i—^m a\ir>f*>o*r!f»» «—cnaooinr- f*voo 
o «N^«—«—«—«— CN<N«—«—'—'- m^iflfnmm oooi-oo ooo«—oo CNOO«—oo ©in«— 
O POOOOO «—©©OO© ^rOOOO oooooo oooooo oooooo ooo 

• 
o oooooo OOOOOO oooooo oooooo oooooo oooooo ooo 

o oooo^mmr* o«-ao«~r-o. ocjcNc^aom ocn^cNo^r- mmtNoovop* voocr>3-r»<n aoc*.«- 
«— ©voao«—voc>i oin«-cMvor> ocomco«>r»- ovomoj»oo o>\Ovor^^<o OMN^3>00in t^vOCN 
o aoocotsno^ aoa'in«—mm aovotr» corner» om«—r"»inir> o:»3-mi/>r^ ^rov-ommr^ «-mm 
1— ITKN^-CN«-«- lf)lN«-CN«-»- ir>oin;»mm fOOOOO «-oo«-oo CNOO«—OO OOCN 
o rOOOOO «-OOOOO ^•«-oooo oooooo oooooo oooooo ooo 

o oooooo OOOOOO oooooo oooooo OOoOOO oooooo ooo 

m cnocncMuim crunao«—^p» UimmvOOMT) oaom=»-<x>^o *»r»aocMnf*> ooooor^cNcri mma- 
CM co«-r-«-ir>if> vor>*-^in«— VOCJ«—m«—cr> ir>*^©o>o «—maoomp»• *o>ooi-a co^m 
c« cM»n^«-3-m C0CP>vßO^m oma-incofN om^i/i\oin «—*m<Nir>vo \DO>NO(N^OVD «-CNU") 
o (•••«N«—CM«— «— r»rM»-<N«—«— U3<NvO-»<Na- ^ooooo ^OOfOO (NOOI-OO ooo 
o i-OOOOO rOOOOO TOOOO oooooo oooooo oooooo ooo 

o oooooo OOOOOO oooooo oooooo oooooo oooooo ooo 

© v0v0P0»«O ao*mr*>c*«- u-i^mcncr»«— O^*-0M**P» t*.o«-vooi^ «" <NIT>«— \oo fT-Cft 
rs CM<NrocM*-ao m(*-o>aO(*> «-<Nr-*-OJ00 ITHNf^CNmO T-otNoir»vo «-r-f">.c**r«» (N^OfN 
«— ©«—ir»cr>if>^ vOinvOOMT»^ ^ooomvoi*-^ ^os^vo^^o mr-m«—inf^ OfNin«—vor» f\|«-\0 
«— CMm»-«-«-^ «—f)«—«—«—«— \o<Nr»srcN* ^ooooo T-oo*-oo rOi-Oi-OO ooo 
o (NOOOOO (NOOOOO I-I-OOOO oooooo oooooo OOOOOO ooo 

o OOOOOO OOOOOO oooooo OQOQOO oooooo OOOoOO ooo 

oooJt^ooaja1 a-^-vö»—r»in r»*"ovo\ooo oocNmo«— owtNaovo aoaommmi» mo^r 
«—©j»ooif>r»»aooo tNCTNp»-r»r»i/> mcnsr?r^\o vooorNCNmoN «- nmi/iajw m^voifi'*'— OOO* 
ooin«—vof'inmo^oinaor^iftm   vo^mmcomooooja-a-vo   «—CTVCNICNVOVO   OMfiincNr-r»   moim 
«-OC03'-'-»-'"Or?'-'-»-'-Ol^mWa(N*0<N'*00'*OONOOr-000'r)r"0»-000000 
OOfMOOOOOOfNOOOOOO»-«"OOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

oooooooooooooooooooooooooooooopoooooooooooooooo 
% %«%«%% %   %  *   %   %   «ft »   %   «ft   %  %   % %%%»%%*%%%%*»% »«•*»*% t»   »   «ft 

r>oooNoocn«T>a'OOi»'fN3'0»-oopn'- r»ciw^iD»-oo(NOOjr-»- o^r>osr«-«- incna-aor^oo«— ao 
rvioi*»r"*cr»«—^^coinm^^criifiifio^oocnm^o^rvocNmvo«— VOCOVOI^T-O«— mvomovooommm«— o>a"> 
aoaou^ovoor^mrNi^^c^«—vom«"m*aar^ro<NvovootNrnm^u)vöocviooouoor*fncriinoooo«it~r»»_<N 
oo(Nf»»-'"'"'"'"'"iv'"»-'"'-'"a)3w»d»(Ninr»oo^oon'"Oooooui'"oooc3oooo 
oom©ooooomooooo©«-«-oooo©ooooooooooo©o©oo©ooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooo 

ao«—m«^i^<N^\ocN«r>o>i^r*cncnc**if)*m^*vo©.^t^inoso(Nuiao©r*cNoo^in 

oocoo>*-<— *-t—T- »DO><Nt-»- <—T-a>*o 3»m*mcr»oo©«-©or-«-o oooooo CNO©OOO«-O© 
oomooo©oomoooooo«-«-«-©o©©©oo©oo©o©ooo©oooooooooo© 

ooooooooooooooooooooooooooooooooooooooooooooooo 
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•M.i.'lU't^ 

CVJ^-<N^-fNC"0'<\|OrMC>JCN»~ 
ooooooooooooo 

WWWWWWDJttJWWWWW     30p>-OOOOOOOOOOOOOmai^fN3'a004»-O^inOO 
r-cor»'T>r»ooooiftoo*r»o   r»<t>oooooooooooo<yvoCT»c',><Nirt<rir>-fs>o<-«-oo 
\o(N<x>op»rMoaNvovocn»-o      •••••••t*«««***t**«****«***i 

coino« m«-m'-^(,noa,'0^'fM»-PM i i i I i i i I i I t I i i i i i i i i i i i i i t i i 
0%vOtf *»•.»«*«%»*»•»»     »»»«>»•>»»««««»•%»%»»»»»•»•«»% 
Or** (\|^(NfM(NI*»»(NOn(N(N^O^00OOOOOOOOOOOOr*<-»-ir^5«NO00O(N(-OO 
•-(NfN 0O0OO0OO00OO0O«N0000OO0O0O00'"ff\3>»*9^^O0OO0 
OOO    IIIIIIIII+ + + +I  • •• i  

• • •       wwwwwwwwcöwwwww^r^inininu^inuiuiininuiu^u^^r^'-pn^orno^intNroinin 
ooo       ao^ovOvooocoou>."r>;jiNu i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  t  i  i  i  i  i  i 
• % %      t^cMOvoint^-inor^rsio^inv^ to*«***»«»*»«»«*»»»**»».»»»»»* 

<Or-^ ••••••#••••••   <r-COQOOOOOOOOOOOCn(\HOn(D\00,'"30ff1^00 
i-rorn       *^*i-iT»»)(N<Nrn»«m^Mcooo>ooooooooooooo>)»-oinifivoin>ßr'Ooa}oo 
(Ninr- »«»»»•*»»*»%«* •••••• i. (•••••••*•••• 
^-«N<N   rsi<N^^rsitNirnjtfno^r^cN^org^inininir»uiuiin»ninuiuiuiaro<Nrn^orno<Nir>r>4fNir>in 
OOO     OOOOOOOOOOOOOOO I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I    I   I   I   I   I   I 

ooo wwwwwwwwwwwsuwwwi^p^oooooooooooooT-^-aopnaoa-fvia^ooaooo 
» » % p»jro>rr»^"ooom»r)mo(MeDu>or«j4r)oooooooooooOJ3,m(NvDoop>'r»r-'a3or»i<Noo 

^ostco   <Ncoo«-^iD»-cNcocAmovo*fn §«••••••••••§•••#•••••«  
oaip-     t ••• •cN«-ininininininu^inininu^in*on(N<io»-©mo«-inosJCMmin 
C\JT»CT> »-r<n'-*-»-vOvocor~'-om^moo i i  i i  i i  i  i i  i  t i i  i  i  i t  i  i  i  i  i  •  i i  i  i  i 

ooo   cM(N^-^-<N<Nmfnmo'-«scN^'or»oooooooooooooooo>a>o^^-WfM^vooroooooo 
• •   •     OOOOOOOOOOOOOoO«ra-OOOOOOoOOOOO*'\C(Nr»t-P«>p>-a0rr)OvßOa)O 

OOO      IIIIIIIIII++++I     .   .   .   t ••••••»   t  
• « »   wwwpawwwoawWMWMWw(Nr-vnir»iriuiuiuii/i»^iniriinin»^cNrorNiorno^iricNi(N^^ 

fsooo   or-oavofooarcNin^ocMO i i  i i i i i i i i i i  i i i t t  i i i i t  i i i i i i 
OCTLO <-OO^OOOifl3,OOOi|JiO>vOOD «»»<.«»»»%«•»»%»*»»»»%»»»*«•»»» 
<M*T-        ••••••••••••••   •(T>vOOOOOOOOOOOOO»-fincOO>0>^\OOOP*OCTNro<oO 
f-^-rn    T-rnr-f-r-r-cD'-fN'-tnfNi-^coxxNoooooooooooOiDr-fNUjror^s-owo^cD^o 

OOO     OOOOOOOOOOOOOOO I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I 
• * •    I I  I I I I I I I I+ + + + + »«»«.»»•«**»«»«**%«»b»«tt»»»»« 

o^m 65wwwwwwwwiaMwwwwMinoooooooooooowN'-iflo>a33'-Mnfflwo 
<3>oDooop»tr)invoa»r*oooinooP*»-vOiroofNOOoooooooooor«r»'-,rr»voir)*'»nin«J*p-ooo 
*-*-*-00'»»-'-'OlO«-0>vO^»JDr»CNOO   •••••••••••••••t*«********«< 
»-»-mo ••••••••••••»« •rn»-iniiiinu^ininininif>ir>iriin3,or)rvjrn<No<N^o-*<'in»-POin 
OOOOt-CM0>»-<Nf>\0^-ll"W><T>(N<Nv0«- I   I   I   I   I   I   I   I   t   I   I   I   I   I   I   I   I   I   I   I   •   I   I   I   I   I   I   I 

• •   •   • •»*>%*%•»%**•>*»*>•**»%»*»%%%%«%%%*•*%•>»%«>*>•»%%»*>%%%»*> 
OOOOrOfN(N^,«N<Nrnr03'^"»~(N<N»-^-ror»000000000000»~fNvOOOP»aOQO-3'OOCOa>*000 
• • • «OOOOOOOOOOOOOOO<N<NOOOOOOOOOOOO0iv0^'CT»a^v0Ov0mp»<TiOlf»O 

»-unaom ttiititiii++ + + + • ••••••••••#«. #•••••!•• 
rM^in^w«www«wwwwwwwwwcn»-tfMnu^u^uiir>inuiininin*m 
00^-0>QO(Nf-SCOOIX10vOO.'NJ(/iO I I I I I I I I I I I I I I I I I I I t I I I I I I I I 
*-t-m»""OOvO^'<-m>«r»U10'»CN.»U>vO<N   to*»»*»»»»*»»»»»»«»»»»»»*»»»»» 
oooo ••••••••••ti*« t<N^oooooooooooooowr>aioooM^»-r*i>>vono\o 

• •   •   t00<NP»'*-r«00p«»<NO<N<NrM(NP»^'^-*OOOOOOOOOOOOOtf)<Nin^00mfNinv0W^<NO 
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APPENDIX   D 

DBFIHITIOBS   AND   SYMBOLS 

AB 

AHZ1,   AHZ2 
ÄJ 
ALP 
ANGLE 
BET 

BETA 
BJ 
CA 
CO 

Cw 

C1 
C2 

C3 
CU 
C5 
C6 
C7 
C7A 
C8 

D 
DP 
Ds 
DV 

DZ 
E(K) 
EH (1,1) 

EH (2,1) 

EH (3,1) 

EH (4,1) 

EH (5,1) 

EH (6,1) 

EH (7,1) 

EH (8,1) 

EH (9,1) 
EV 
FAC 
FO 

FW 

Absorption at 
transmittance 
Aerosci number d 
Equivalent abscr 
Angle of arrival 
Input zenith ang 
Angle subtended 
traverses adjace 
Total angle subt 
Equivalent absor 
conversion facto 
Wavelength de pen 
refractive index 
Wavelength de pen 
refractive index 
Log absorption c 
Log  absorption c 
?as 

og absorption c 
Absorption coffi 
Absorption coffi 
Extinction coeff 
Extinction coeff 
Aerosol absorpti 
Absorption coeff 
region) 
water vapor amou 
Eew point temper 
Path length from 
wave number incr 
calculated 
Height increment 
Equivalent absor 
Equivalent absor 
at level 2 (I) 
Equivalent absor 
dioxide, etc. at 
Equivalent absor 
level Z(I) 

"it 

frequency V;  also  average 

at level J 
ensity 
ber amount 
at adjace 

le (degree 
at the ear 
nt levels 
ended path 
ber amount 
r from deg 
dent ccaff 
expressio 

dent coeff 
expressio 

oefficient 
oefficient 

per km 
nt level 

:h's center as path 

at eart 
per km 

ree to r 
icient u 
n 
icient used in 
n 
for »at 
for uni 

h's center 
at level J+1 
adians 
sad I n 

er  vapor 
formiy  mixsd 

oefficient for ozo 
cient for nitrogen 
cient for water va 
icient for molecul 
icient for aerosol 
en coefficient 
icient for  ozone   ( 
nt   (pr.cm/km)   at  1 
ature   ( C) 
level I  to  level 

ement at which  tra 
from level I to  I 

ber  amount   per  km 
ber amount  per   km 
ber amount  per  km 
level Z(I) 

ber amount  per  km 
Equivalent absorber amount  per  km 
at level  Z (I) 
Equivalent absor 
continuum   at  lev 
Equivalent absor 
scattering at  le 
Equivalent absor 
extinction at le 
Equivalent absor 
and   visible)   at 
Bean   refractive 
Integrated absor 
Factor for expon 
Transmission run 
scale for ozone 
Iransmissicn fun 
scale for  water 
Altitude   (km) 
Initial   Altitude 
Final Altitude   ( 

ber amount  per  km 
«1 Z(I) 
ber amount per km 
vel Z (I) 
ber amount oer km 
vel Z (I) 
ber amount per km 
level Z{I) 
index or layer abo 
ber amount from le 
ential and linear 
ction logarithmic 

ction logarithmic 
vapor and uniforml 

rkm) 
km) 

ne 

por continuum 
ar scattering 
models 

ÜV and visible 

evel I 

I + 1 
nsmittance is 

• 1 
at height H1 
for water vapor 

for carbon 

for ozone at 

for nitrogen 

for water vapor 

for molecular 

for waercscl 

for ozone  (OV 

ve   level  Z (I) 
vel   I  to  I  «•  1 
interpolation 
absorber  amount 
absorber  amount 
y mixed  gases 
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HAZE 
BH 
HMIN 
HZ | 

HZ | 

I 
IAEHC 
IATCH 
IDV 
IFIND 
IHAZE 
IM 

IP 

IR 
ITER.ITES 
ITIPE 
IV 
IV1 
IV2 
IW 
IX Y 

J 
JMIN 
JP 
J1 
J2 
R 

K2 
I 

LEN 
H 

HL 
HODEL 

HI 

H2 

H3 

N 

NL,NLE 
NP 

NP1 
NP2 
NS1,NS2 

PPW 
PS 
FSI 
PT 

RANGE 
RE.REATH 
REP 
EH 
RN 

Aeroscl   nuBber d 
Estimated tan gen 
Minimum  altitude 
Aerosol  number d 
visual range 
Aerosol  number d 
visual range 
Bunnma   integer 
Indicator  for ty 
Number of  levels 
Frequency  mcrem 
Indicator  for  us 
Aeroscl  model  in 
Parameter  used v 
model 
Indicator  for us 
reference  index 
Card  printer num 
Iteration  counte 
Indicator  for ty 
Frequency  at  whi 
Starting   frequen 
Last   frequency 
Line   printer num 
Parameter for te 
indicator 
Runninq  integer 
ll^itude   }ndicaz 
Print opticn for 
Level indicator 
Level indicator 
Absorber   indicat 
tc water   vapor, 
etc.,  respective 
Cycling   paramete 
Frequency  indica 
calculation 
Ear am et er  used f 
Integer  used to 
atmosphere 
Number of  levels 
Integer  used to 
atmosphere 
Integer   for 
profile 

ensity (no. cm-3) 
t height (km) 
of path  trajectory   (km) 

ensity   (no.   cm-3)   for  23  km 
ensity   (no.   cm-3)   for   5   km 
used as altitude indicator 
pe of aerosol model 
in model atmosphere 

ent (cm-1) 
ing subroutine ANGL 
dicator 
hen reading in a new atmcspheric 

ing subroutine POINT to calculate 
cnly (IP = 0) 
ber 
rs 
pe of atmospheric oath 
ch transmittance is calculated 
cy 

ber 
rmmating program and cycling 

for altitude identification 
or fcr minimum height of path 
altitude H1 

fcr 
for 
fcr 
fcr 

integer 
profile 
integer 
]ö=M3) 
Indicator for le 
used in PCIN1 su 
Number of levels 
Indicator for de 
coincide with le 
value of NE for 
Value of NE for 
Counters ccrresp 
Pressure (mb) at 
Angle of arrival 
Partial pressure 
Total pressure i 
Angular deviatio 
Product of total 
root of 273/T (M. 
Fath length (km) 
Earth radius (km 
Refractive index 
Relative humidit 
Ratio of  refract 

for altitude  H1 
for altitude   H2 
or,   K=1,   2,   3,   etc.,  corresponds 
uniformly  mixed gases,   ozone, 
iy 
r for downward looking paths 
tor for ozone transmittance 

or defining longest of two paths 
identify required model 

in radiosonde data input (MOCEL7) 
identify required model 

cting temperature altitude 
1) 
cting water vapor altitude 

% 

sele< 
(M=a 
sele< 
(H=fT 
selecting ozone altitude profile fcr 

vel below given input altitude 
brcutine 
in model atmosphere data 

termining whether H1 or H2 
vels in the model atmosphere 
altitude H1 
altitude H2 
onding to W51, NS2 
level I for model atmosphere K 
at  H2 
of water   vapor   (in atmosphere) 

n atmospheres 
n of path   from initial  direction 
pressure   (atm)   and the  square 

) 
oi of air at  level  I 
ve  maices of   air   above  and 
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belov a 
BX 

R 
SALP 
SPHI 
SR 
SUM 

THET 
THETA 
TMP 
TR 
TS 

TS1 
TT 
TX(K) 

:{9l TX 
TX 

TX2 
TX1 
VH(K) 

VIS 
VX 

V1 
V2 

•H(B,X) 

WL,HL1, 

SI"'1» 
HS 2 

HS 3 

X 
XI 
XX 

11 
IN 

IN1 
IN 2 
II 
Z(I) , zo 

HL2 

ka 

given level 
Ratio of 
levels 
Earth radius   ( 
The  product of 
angle and  the  aa 
altitude 
Sine   of  angle   of 
Sine  of  the loca 
Slant ranae   (km) 
Accumlated absor 
Temperature   (K) 
Zenith angle at 
Zenith angle at 
Ambient   teaperat 
Transmittance  sc 
Ratio of   standar 
temperature leve 
Ratio of   296  K t 
Ratio 273.15/(TM 
Equivalent absor 
altitude   cbtaine 
values at  a give 
type   (K  *   1,8) 
Total transmitta 
Absorption  due t 
Refractive index 
Refractive index 
Refractive index 
Integral  of the 
HI to level I 
Visual range   (ka 
Wavelength at  vrh 
in   (micrometer) 
Initial   freguenc 
final freguency 
Total eguivalent 
Hater vapcr dens 
level  I   (ga m-3) 
Have length in  mi 
Ozone density  fo 
Transmission  fun 
vapor at  given w 
Transmission  fun 
dioxide«   etc. , a 
Transmission  fun 
at given   wavelen 
Input  height to 
Havenuaber inter 
Have number  ident 
transaittance ca 
Earth center dis 
Earth center dis 
Refractive index 
POINT subroutine 
Refractive index 
Refractive Index 
Aerosol   atsorpti 

(I)   Altitude  at live 

earth center distances   between  adjacent 

i   read in  as  input   |=3E) 
he sine of the  initial  zenith 
rth center distance to  starting 

arrival  at adjacent  Isvel 
1 zenith angle   at  a given  level 

ption 
for modal atmosphere H  at  level I 
a g^ven level   (;.n radians) 
a given level   (in  degrees) 
ure (C) 
ales for transmission functions 
d teaperature (273.15 K) to 

o teaterature at level I 
P • 273.15) 
ber amounts per km at a given 
d froa POINT; also transaittance 
n wavelength for each afcsctber 

nee at frequency IV 
0 aerosol only at frequency IV 
of layer above initial al*. H1 
of layer above final alt. H2 
of layer above minimum alt. H8IN 

equivalent absorber amounts frca 

)   at sea  level 
ich aerosol coefficients  are read 

y  for  transait-cance calculation 
for transaittance calculation 

absorber  amount  for  entire   path 
ity for ataospheric modal  a  at 

crens 
r atmospheric model a  at level I 
ction scaling factor for water 
avelength 
ction scaling factor for carbon 
t given wavelength 
ction scaling factor for czone 
gth 
POINT subroutine 
polation parameter 
ification parameter for OV ozone 
lculation 
tance of level I 
tance of level I • 1 
of layer below input height froa 

of layer below initial alt. H1 
of layer below final alt. H2 

on coefficient at frequency V 
1 I in ka 
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